Endometriosis is a common gynecological disease found in approximately 10% of reproductive-age women. Gene expression analysis has been performed to explore alterations in gene expression associated with endometriosis; however, the underlying transcription factors (TFs) governing such expression changes have not been investigated in a systematic way. In this study, we propose a method to integrate gene expression with TF binding data and protein-protein interactions to construct an integrated regulatory network (IRN) for endometriosis. The IRN has shown that the most regulated gene in endometriosis is RUNX1, which is targeted by 14 of 26 TFs also involved in endometriosis. Using 2 published cohorts, GSE7305 (Hover, n ¼ 20) and GSE7307 (Roth, n ¼ 36) from the Gene Expression Omnibus database, we identified a network of TFs, which bind to target genes that are differentially expressed in endometriosis. Enrichment analysis based on the hypergeometric distribution allowed us to predict the TFs involved in endometriosis (n ¼ 40). This included known TFs such as androgen receptor (AR) and critical factors in the pathology of endometriosis, estrogen receptor a, and estrogen receptor b. We also identified several new ones from which we selected FOXA2 and TFAP2C, and their regulation was confirmed by quantitative real-time polymerase chain reaction and immunohistochemistry (IHC). Further, our analysis revealed that the function of AR and p53 in endometriosis is regulated by posttranscriptional changes and not by differential gene expression. Our integrative analysis provides new insights into the regulatory programs involved in endometriosis.
Introduction
Endometriosis is a very common gynecological disease. The main clinical manifestations of endometriosis include dysmenorrhea, pelvic pain, and infertility. More than 50% of infertility cases and 60% of pelvic pain diagnoses are associated with endometriosis. 1, 2 It typically occurs due to migration of endometrial cells from uterine cavity to the peritoneum. 3 Many theories have been proposed to explain the reasons for the formation of ectopic endometrium 4 such as retrograde menstruation, 5 Müllerianosis, 6 coelomic metaplasia, 7 and transplantation. 8 Based on experimental and clinical evidence, we have proposed that ectopic differentiation of endometrial stem cells may provide a novel mechanism of endometriosis. [9] [10] [11] [12] Although there are likely multiple causes of endometriosis, microarray studies have consistently revealed the altered expression of many genes in this disease compared to normal endometrium. [13] [14] [15] [16] Gene expression is under precise regulation by specific transcription factors (TFs). To understand the molecular mechanisms of endometriosis, it is important to identify the regulatory programs underlying this disease. Several TFs have been found to be involved in endometriosis. Increased expression of nuclear factor kB (NF-kB), RHOC, and FOXL2 have been reported in endometriosis. [17] [18] [19] Octamer-binding transcription factor 4 (OCT4) is significantly upregulated in human ectopic endometriotic tissues, resulting in ectopic endometrial growth by stimulating the migration of endometrial cells. 20 Estrogen receptor a (Esr1) and estrogen receptor b (Esr2) control the proliferation and apoptosis of endometrium cells through transcriptional regulation of multiple genes, including hepatocyte nuclear factor 1b (HNF-1b), cyclin D1, and growth regulation by estrogen in breast cancer (GREB). 21, 22 Gonzalez-Ramos et al showed that in endometriotic cells NF-kB stimulates inflammation and cell proliferation and inhibits apoptosis to promote the development and maintenance of endometriosis. 23 Our laboratory previously reported the function of the TF Homeobox A10 (HOXA10) in endometriosis and showed the regulatory functions of TFs that regulate its expression. [24] [25] [26] [27] [28] Also, Lu et al reported the downregulation of HOXA10 in endometriosis. 29 However, the underlying regulatory network for endometriosis has never been investigated. Gene expression profiling from microarray or ribonucleasesequencing (RNA-Seq) experiments can be used to identify differentially expressed genes (DEGs), including TFs. However, in many cases, the deregulation of TFs in disease might not be reflected by expression changes at the messenger RNA (mRNA) level. A nonsynonymous mutation in p53 gene can completely abolish its transcriptional activity without detectable expression change at mRNA and/or protein level. Posttranslational modifications frequently alter TF activity. Furthermore, many TFs are expressed at very low levels, and consequently their changes in expression are not detected in gene expression array data. As TFs are regulatory molecules, small changes in TFs can have an amplified biologic effect due to their profound regulation of gene expression. Thus, to identify the role of TFs in disease either a candidate gene approach or computational studies are often required.
Computational methods have been proposed to identify the changes in the expression of target genes due to TFs to unearth the regulatory programs in disease. [30] [31] [32] [33] [34] [35] [36] Rhodes et al studied the regulatory programs in cancer and identified gene expression signatures in cancers compared to normal tissues. 35 Further, they predicted that the differential gene expression is based on the existence of TF binding sites in the promoters of putative target genes that act as regulatory signatures. This method is very effective in unveiling the deregulation of TFs, but its application has been limited by the high positive rate of the predicted TF target genes. Recently, the development of chromatin immunoprecipitation with microarray (ChIP-chip) or massively parallel DNA sequencing (ChIP-Seq) has revolutionized the study of TF target genes, 37, 38 and thus provide efficient methods to identify accurate lists of binding sites for TFs in the regulatory signatures. Thus, a combination of gene expression data with TF target genes from the ChIP-chip or ChIP-Seq experiments provides us with the opportunity to understand transcriptional regulation underlying in endometriosis. Here, we report an integrated regulatory network (IRN) that elucidates molecular mechanisms driving endometriosis.
Materials and Methods

Gene Expression, TF Binding, and Protein-Protein Interactions
We searched the Gene Expression Omnibus (GEO) database to collect gene expression data sets associated with endometriosis. 39 To ensure an adequate statistical power in the subsequent analysis, we selected 2 data sets, GSE7305 and GSE7307, which contained at least 10 samples for both endometriosis and eutopic endometrium controls. In both data sets, the disease samples are ovarian endometriomas, representing the most frequent lesion location for endometriosis. The first data set (GSE7305) adopted a paired experiment design, namely, the eutopic endometrium and the ectopic endometrium were collected from the same patients. 16 In contrast, the samples in the second data set (GSE7307) were unpaired with ectopic endometrium from women with endometriosis and normal endometrium from women without endometriosis and analyzed using normal t test (groupwise). For comparison, a microarray data set of peritoneal endometriosis (GSE11691) was also investigated, which contained paired eutopic and ectopic endometrial samples from 9 women with peritoneal endometriosis. 40 The target gene data set was obtained from the ChIP Enrichment Analysis (ChEA) database, 41 which provided 83 target gene sets for 32 sequencespecific human TFs based on their genomic occupation profiles from the ChIP-Chip or ChIP-Seq experiments. A TF may associate with multiple target gene sets from independent experiments, usually being performed in different tissue or cell lines. The protein-protein interactions (PPIs) were available from the Interologous Interaction Database (I2D) 42 or from a more specific study by Ravasi et al. 43 The I2D integrates known experimental and predicted PPIs. The latter data set contains PPIs of human TFs from a systematic screening experiment.
Identification of DEGs in Endometriosis
To identify genes that are differentially expressed, we compared the expression values of all probe sets in endometriosis samples with those in normal endometrium samples using the t test. For the paired data set (GSE7305), a paired t test was applied. The genes with at least 1 significant probe set (P < .001) were identified as DEGs. We identified upregulated and downregulated genes for each of the 2 data sets, and the genes that are significant in both were selected for subsequent analysis.
Inferring Regulatory Activity Changes of TFs in Endometriosis
The modification of TF regulatory activity can often be reflected by changes in the expression of its target genes. If a TF is deregulated in endometriosis with respect to normal endometrium, we would expect that the target genes of this TF are more likely to be differentially expressed, either upregulated or downregulated. Thus, we identified the TFs that were potentially involved in endometriosis by examining the enrichment of their target genes in the DEGs. We applied Fisher exact test to specifically examine the overlapping of 2 gene sets: the DEG set G D and the target gene set of a TF. 44 Given the 2 gene sets, the number of overlapping genes k follows a hypergeometric distribution:
where m is the number of genes, 39 n is the number of genes in G D , and N is the total number of genes. The significance for enrichment of genes in G D can be calculated as P(x ! k), the probability of observing an equal or larger intersection between the 2 gene sets. We examined the enrichment of all TF target gene sets in the DEGs G D . To correct for multiple testing, we calculated the adjusted P values for all target gene sets using the Benjamini & Hochberg method. The TFs with an adjusted P < .001 were reported as endometriosisassociated TFs.
Construction of Integrative Regulatory Network
To understand the changes in regulatory programs underlying endometriosis, we constructed an integrative regulatory network by combining gene expression data, TF-gene regulatory relationships, and PPIs. First, the regulatory programs that were associated with endometriosis were identified as described in the previous section. Each regulatory program was consistent of a TF and its target genes that were differentially expressed. These regulatory programs were interconnected by TF!TF regulatory interactions identified by the ChIP-Seq or ChIP-chip experiments (available from ChEA database). Second, genes with PPIs were connected. The integrative regulatory network contains 2 types of interactions: TF!TF-gene regulatory interactions and PPIs. The majority of genes in the network are differentially expressed in endometriosis versus normal endometrium except for a few TFs, which are not differentially expressed but are inferred to be endometriosis associated according to target gene enrichment analysis.
Enrichment of PPIs in Target Genes of TFs
To investigate the hypothesis that target genes of the same TF are more likely to interact, we calculated the enrichment of PPIs in the target genes of each of the TFs. First, we calculated the probability of a pair of random selected genes to interact: p ¼ s N ðN À 1Þ=2 , where s is the total number of interactions in the PPI data and N is the total number of genes. Second, the number of PPI interactions i among the m target genes of a TF follows a binomial dis-
, the number of possible interactions. Finally, the P value for enrichment of PPI interactions in the target gene set was calculated as P(x ! i), the probability of observing equal or larger number of interactions. Again the Benjamini & Hochberg method was used for correcting multiple testing. Note that selfinteractions in the PPI data were excluded from the analysis.
Gene Ontology Analysis
Gene ontology analysis was performed using the online bioinformatics resource the Database for Annotation, Visualization and Integrated Discovery (DAVID). 45 
Sample Collection and Preparation
Normal endometrial tissue was collected from 40 women without endometriosis who underwent a curettage or hysterectomy for nonendometrial disease including fibroid uterus and prolapse (samples collected from 2012 to 2013 in Department of Gynecology, Minially Invasive Gynecology Center, Beijing Obstetrics and Gynecology Hospital Capital Medical University). Only samples with benign histology were included in the study. The study was approved by the Institutional Review Boards of both the institutions. Eutopic and ectopic endometrial tissues were collected from 40 women with ovarian endometriosis who underwent laparoscopy. All women (controls and participants with endometriosis) were between 23 and 43 years of age with normal menstrual cycles and did not use hormonal therapies for at least 3 months prior to surgery. Samples were not used when menstrual cycle dating as determined by last menstrual period was not concordant with histologic dating. Participants with endometrial hyperplasia, cancer, untreated thyroid disease, elevated prolactin, or infection were excluded. Dissected tissues were immediately frozen in liquid nitrogen for RNA and protein extraction or fixed in 10% formalin and embedded in paraffin for histological analysis.
RNA Extraction and Quantitative Real-Time Polymerase Chain Reaction
RNA was isolated using TRIzol (Invitrogen, Carlsbad, California) and purified in RNeasy minicolumns (QIAGEN, Valencia, California) with on-column deoxyribonuclease digestion, per the manufacturers' instructions. First-strand complementary DNA (cDNA) was reverse transcribed using iScript cDNA Synthesis Kit and iQ SYBR Green Supermix-based assays (Bio-Rad, Hercules, California) were performed. Total FOXA2 mRNA levels were measured by quantitative polymerase chain reaction (PCR) with specific gene primers as follows:
iCycler iQ real-time PCR detection system and SYBR green PCR mix were used to carry out the quantitative real-time PCR (qRT-PCR). For each experimental sample, a control without reverse transcriptase was run to verify that the amplification product arose from cDNA and not from genomic DNA. The 3-step optimized thermal cyclic conditions used were: initial denaturation and enzyme activation for 3 minutes at 95 C followed by 45 cycles (denaturation for 15 seconds at 95 C, annealing for 20 seconds at 60 C, and extension for 25 seconds at 72 C), followed by melt curve for 1 minute at 95 C and for 1 minute at 55 C, and holding temperature is at 4 C. The relative expression levels, normalized to b-actin, were determined using the comparative cycle threshold (Ct) method (known as the 2 DDCT method). 46, 47 The relative abundance of FOXA2 and TFAP2C transcripts was quantified using the comparative Ct method with b-actin as an internal control. The data were analyzed from 3 independent experiments, and statistical significance was validated by Student t test.
Immunohistochemistry
Slides with tissue sections from endometriosis and normal endometrial tissue were deparaffinized in a degraded concentration of ethanol. After blocking with 3% hydrogen peroxide for 15 minutes, the sections were heated in 0.01 mol/L sodium citrate for 3 minutes, followed by washing in phosphatebuffered saline (PBS) with 0.1% Tween 20 and then treated with 3% hydrogen peroxide solution for 5 minutes. Immunohistochemical staining was performed on slides with rabbit polyclonal antibody directed against FOXA2 (ab2363; Abcam, Cambridge, MA, USA) overnight at 4 C. Goat immunoglobulin G (Santa Cruz Biotechnology, Santa Cruz, California) was used as the negative control. Biotinylated secondary antibody was purchased from Beyotime Institute of Biotechnology (Jiangsu, China) and applied for 1 hour at 4 C. The samples were finally washed in PBS and diaminobenizidine tetrahydrochloride solution was applied, which was followed by washing under running tap water as well as nuclear counterstaining with hematoxylin (Sigma, St. Louis, MO, USA). The stained slides were viewed with microscope (Olympus Optical Co, Ltd, Miami, FL, USA) under 400Â magnification. Positive cells were characterized by the brown staining of FOXA2 antibody. Data were analyzed by 2 dependent investigators with Image Pro Plus 6.0.
Results
Overview of the Integrative Network Analysis
To understand the underlying regulatory programs, we constructed an IRN for endometriosis as shown in Figure 1 . The network was based on an integrative analysis of 3 sources: gene expression profiles, TF binding information, and PPIs. Gene expression was quantified from microarray data from samples of endometriosis and normal endometrium. Differentially expressed genes in endometriosis and normal endometrium were identified. Then, we obtained the target gene sets for *70 TFs based on ChIP-chip or ChIP-Seq experiments from ChEA database. We examined the enrichment of target genes of TFs in the DEGs and identified regulatory programs in endometriosis. Each regulatory program consists of a TF, and its target genes that are significantly up-or downregulated in endometriosis. These regulatory programs are connected via TF!TF interactions and form a regulatory network. The PPIs data are also incorporated in the network to form an integrative regulatory network.
Differentially Expressed Genes in Endometriosis Versus Normal Endometrium
Microarray data on endometriosis were collected from GEO database 39 to obtain 2 data sets (Hever and Roth) and identify genes in each data set that were significantly up-or downregulated in endometriosis versus normal endometrium using t test. We compared the t scores of all genes in the 2 data sets and found that the 2 t score profiles were highly correlated (r ¼ .77), suggesting a good consistency between the 2 data sets. We identified 2255 upregulated and 2849 downregulated genes (adjusted P < .001) in the Hever data set and 889 upregulated and 1529 downregulated genes with same significance in the Roth data set. The combination of results from both data sets produced 701 upregulated and 1090 downregulated genes as shown in Figure 2A , and the distribution of these genes was examined in 29 gene categories from the Protein Analysis Through Evolutionary Relationships (PANTHER) Classification System. 48 As shown in Figure 2B , the 701 upregulated genes were prominent in the receptor signaling molecule and defense/immunity protein categories, while 1090 downregulated genes were classified in TF and cytoskeletal categories. These results are consistent with pathway analysis results reported by Hever et al 16 
and Zhao
Regulatory Programs in Endometriosis
To identify regulatory programs in endometriosis, we used Rhodes et al method 35 with a slight modification. This method identified the enrichment of TF target genes in the DEGs based on ChIP-Seq data. A total of 83 target gene sets for 63 TFs were collected from ChEA database. Note that the target gene number is more than the number of TFs because some TFs had multiple target gene sets. Among these target gene sets, we found 30 targets for 26 TFs which are significantly enriched (adjusted P < .001) in the DEGs. Then, we defined 26 transcriptional regulatory programs each with a TF and target genes that were up-or downregulated in endometriosis. These regulatory programs connected into a regulatory network, since a TF in one regulatory program can be the target of the TF from another program. Strikingly, most of the identified TFs do not show significant differential expression between endometriosis and normal endometrium based on microarray analysis. Among these 26 TFs, only 5 are significant at the mRNA level in both the Hever and the Roth microarray data sets. Esr2 is upregulated, whereas FOXA2, TFAP2C1 ( Figure 3B) , Esr1, and POU5F1 are downregulated in endometriosis.
The endometriosis-associated TFs are showed in Table 1 . The table shows that there were 373 target genes for androgen receptor (AR) which showed significant differential expression A Hever et al.
Gene
Probeset in endometriosis versus normal endometrium. These target genes were enriched in both upregulated (146 genes, P ¼ 6 Â 10 À6 ) and downregulated (227 genes, P ¼ 3 Â 10 À9 ). Some of the TFs may act predominantly as activators or repressors; for example, E2F4 targets were enriched in the upregulated genes (P ¼ 3 Â 10 À13 ) but depleted in the downregulated ones (P ¼ 2 Â 10 À4 ). More specifically, in the 95 differentially expressed target genes of E2F4, 88 are downregulated and only 7 are upregulated.
Integrative Regulatory Network and PPIs in Endometriosis
We further incorporated the PPIs into the regulatory program network made in an IRN for endometriosis ( Figure 4A ). The IRN is formed of 5172 TF!gene interactions and 1490 PPIs, involving 26 regulatory TFs and 1445 DEGs in endometriosis (538 upregulated and 907 downregulated). The number of target genes regulated by the 26 TFs varies dramatically, ranging from 36 to 671 with an average of 199. The number of regulatory TFs for each gene also varies significantly, roughly following an exponential distribution. The most regulated gene is RUNX1, which is targeted by 14 of the 26 endometriosisassociated TFs. Interestingly, RUNX1 itself is a TF known to be involved in the development of normal hematopoiesis. 49 It is upregulated significantly in endometriosis by 3-fold in the Hever data and by 5-fold in the Roth data, consistent with a study performed in a rat endometriosis model. 50 On average, each gene interacted with 1.6 partners (PPIs). The numbers of partners range from 0 to 43 and follow a power law distribution. The core of the IRN is a subnetwork consisting of regulatory relationships and PPIs among the 26 endometriosis- associated TFs ( Figure 4B ). Interestingly, 15 (58%) of the 26 TFs are self-interacting, with a significant increased frequency above the average (21%). Another interesting observation for the core subnetwork is that the majority of PPIs were among 9 TFs: AR, Esr1, Esr2, TP53, SMAD2, SMAD3, E2F4, HNF4A, and CTNNB1. It is also notable that TFAP2C is highly regulated by 10 TFs. As mentioned earlier, among 26 TFs, only Esr1, TFAP2C, and POU5F1 are significantly downregulated, and Esr2 is significantly upregulated, in both the Hever and the Roth data sets. The gene enrichment data analysis of TF target genes that were either differentially expressed or not showed that inner set PPIs are significantly enriched in 48 of the 83 TF target gene sets (adjusted P < .01).
There are 1051 interactions between the 573 target genes of E2F4 in Jurkat cells, which is about 4-fold more than expected (P ¼ 10 À320 ).
Involvement of Esr1 and Esr2 in Endometriosis
Our analysis indicates that Esr1 and Esr2 target genes are enriched in DEGs, especially in downregulated genes in endometriosis relative to normal endometrium ( Figure 5 ). Specifically, 63 Esr1 target genes are differentially expressed, in which 21 (33%) are upregulated and 42 (67%) are downregulated. Seventy Esr2 target genes are differentially expressed, in which 24 (34%) are upregulated and 46 (66%) are downregulated in endometriosis. These results suggest that, as expected, Esr1 and Esr2 are 2 critical factors in the pathology of endometriosis. Further, our analysis observed that AR and p53 target genes are also significantly enriched in both upregulated and downregulated genes in endometriosis, implicating a function for these genes and TFs in endometriosis, even though they were not differentially expressed between endometriosis and normal endometrium. This suggests that their function is regulated at the posttranscriptional level (eg, phosphorylation).
Validation of FOXA2 and TFAP2C downregulation in Endometriosis
The target genes of these 2 TFs were highly enriched in the genes that were identified as upregulated or downregulated in endometriosis (Table 1 ). Microarray data from both the Hever and the Roth data sets showed the downregulation of FOXA2 and TFAP2C in endometriosis ( Figure 3A ). 16 To confirm the downregulation of these 2 TFs in endometriosis, we carried out qRT-PCR with the RNA extracted from eutopic and ectopic endometrium of 40 patients with endometriosis as well as of 40 normal endometrium. As shown in Figure 3B , FOXA2 and TFAP2C are significantly downregulated in eutopic and ectopic endometrium relative to normal endometrium (P < .01), in both proliferative and secretory phases. The reduction in FOXA2 protein levels in endometriosis is further validated by immunohistochemical staining (Figure 6 ). The level of FOXA2 protein decreases substantially in the ectopic tissue from patients with endometriosis relative to normal endometrium, which corresponds with the results reported for placenta protein (PP-14) from serum of patients with endometriosis. 51 The staining also reveals that FOXA2 is mainly present in the nucleus of both endometrial glandular and luminal epithelial cells but not in stroma cells. These results confirmed our integrative analysis results, suggesting that FOXA2 and TFAP2C might be implicated in endometriosis. 
Discussion
In this study, we describe a method based on gene expression, TF-gene pathways/connections, and PPIs that can identify an IRN for understanding molecular mechanisms involved in endometriosis. We predicted several TFs that might play critical roles in the pathology of endometriosis. The study revealed that 1 TF might act as a key regulator in multiple regulatory programs, since it can regulate a different set of target genes under different conditions or in different tissues. E2F4 binds to 1002 genes in Jurkat cells, while in lymphoblastoid cells it binds to 2,998 genes. Additionally, 259 genes are targeted by E2F4 in both cell types. Rhodes et al applied a similar analysis to identify regulatory programs in cancer transcriptome, where TF target genes were predicted by searching TF binding sites in the promoter regions of genes. 35 However, this method is valid only for the TFs with known high affinity binding motifs, and an extremely large fraction of these predicted targets are false positives. Thus, target genes determined by ChIP-seq or ChIPchip experiments are more highly accurate. The microarray data analysis from endometriosis samples revealed that the expression of Esr1 and Esr2 is downregulated and upregulated, respectively, suggesting that both genes have a function in endometriosis. This is in consistent with previous report that Esr1 and Esr2 have opposite effects on gene transcription, 52 and upon activation by binding to estrogens, Esr1 and Esr2 can form homodimers (1,1 and 2,2) or heterodimers (1,2) that interact with specific DNA sequences to activate gene transcription. 53 Esr2 has been shown to have antiproliferative effects and oppose the actions of Esr1 in reproductive tissue. 54 Regulatory interactions identified by ChIP-seq showed that Esr1 regulates the transcription of Esr2 gene and both autoregulate their own transcription. These regulatory and physical interactions between Esr1 and Esr2 might be involved in the pathology of endometriosis, as we found enrichment of their target genes in DEGs in endometriosis.
We also identified an AR regulatory program in endometriosis, where its function is not regulated by change in expression but rather by posttranscriptional changes such as phosphorylation. This would not have been detected by traditional microarray or other sequencing-based studies. Androgens and AR are not only required for male reproductive function but also essential for female reproductive physiology. 55 The AR signaling plays a critical role in the differentiation of human endometrial stromal cells into decidual cells. 56 AR perturbation is associated with multiple gynecological disorders, including polycystic ovary syndrome, 57 premature ovarian failure, and adverse pregnancy outcome. Association studies have shown that polymorphic CAG repeats of the AR gene were associated with endometriosis in different populations. [58] [59] [60] The AR-CAG repeat length does not constitute an important factor for the genetic predisposition to endometriosis, but 19 AR-CAG repeats can be regarded as high-risk marker. 58 The involvement of AR in endometriosis maybe related to its regulatory function in human endometrial apoptosis. 61, 62 It is also interesting to see the potential involvement of p53 in endometriosis. A number of association studies have reported the link between p53 polymorphism and the risk of endometriosis in several populations. [63] [64] [65] [66] [67] In addition, decreased expression of p53 was observed more often in the endometrium of patients with endometriosis than in controls. 68 Gylfason et al investigated p53 copy numbers in eutopic endometrial and endometriotic tissue and observed a link between somatic p53 locus alterations and the pathogenesis of late-or severe-stage endometriosis. 69 Ovarian endometriosis can progress to epithelial cytological atypia and malignant transformation. 70 Thus, our integrative analysis suggests that p53 regulatory program might be implicated in the pathology of endometriosis and implies a possible link between endometriosis and ovarian cancer.
We validated the downregulation of FOXA2 and TFAP2C in endometriosis. Our results confirm that their expression is downregulated at both mRNA and protein levels. Similar results were reported for progesterone receptor membrane components 1 and 2 in eutopic endometrium. 71 However, it should be noted that the activity changes in transcriptional regulatory programs inferred from this analysis might not be reflected by expression changes in the corresponding TFs because TFs are typically subject to intensive posttranscriptional regulation and posttranslational modifications. Although the functional relevance of several TFs remains unclear, our analysis provides a useful tool to generate new biological insights about transcriptional regulation that may not be acquired directly from gene expression data. The method we proposed in this study could also be applied to determine regulatory mechanisms that are involved in other diseases.
